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F But First ...

A little about me ...
-finley@fnal.gov
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L Behind the...

www.VH1.com
Shania Twain

THE B’
MUSIC 94‘

SUN 1/27 at 11pm ET
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www.fnal.gov (not likely on www.VH1.com)

Fermilab Accelerators

FRI 7/12 at 930am CT -
Your Host: David Finley

finley@fnal.gov
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A little about me....

Behind the Scientist

High School Research Associate (PhD)

St. Lawrence Seminary High Energy Physics

Mt. Calvary, Wisconsin SUNY Stony Brook NY
College: Purdue Fermilab (4/1/81 to nOW)

Physics; BS, MS, PhD Switchyard Beam Lines

Tevatron ... Collider
: B Divis

US Army Officer Sas ST

Future Accelerator R&D

v e g (DE 7/12/02 QuarkNet Talk

Harry Diamond L abs
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B e

Accelerators (Particle Accelerators)

today: particle beams for particle physics research
mostly use electrons and protons
and antiprotons and positrons, and mesons and neutrinos ...

not today: materials, medical, military (aka 3M), etc
Why do this?

A “few words about” Acceleration
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L References

David Griffiths Feynman, Leighton, Sands
Introduction to Elementary Particles’ “The Feynman L ectures on Physics’
ISBN 0-471-60386-4 ISBN 0-201-02116-1
Ernie Malamud Lawrence Berkeley National Lab
www-bd.fnal.gov/public/index.html http://ParticleAdventure.org/
malamud@fnal.gov |
The Darticle Adventure
David Finley the fundamentals of matter and foraes
: &y &P
finley@fnal.gov | 39 '
. 4 (Enter here (9
Particle Accelerator . v
n interactive tour o Quarks, neutrinos, antimatter, extra dimensions,
Encycl Oped| a Of &:| ence and Technol Ogy dark matter, accelerators and particle delectors.
(McGraw-Hill) —_— Particle Phrsics PNeiws
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s & Accelerators - What do we use them for?

Why do this? This= “particle physics’
Q1: What's it all made of?

Q2.
Q3:
Q4.

ow does it all behave?
ow do particles come by their mass?
ow IS It that we see more matter than antimatter?

And ... Q4++
So, how isit all distributed anyway?
Etc etc

July 12, 2002
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How we see

different-
sized

objects:

nucleus

electron
microscope

Courtesy E. Malamud malamud@fnal.gov
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rs Fermilalb’s Role (so far)

Fermilab has aided in
the discovery of the:

bottom quark (1977)
top quark (1995)
tau neutrino (2000)

Courtesy L. Spentzouris klamp@fnal.gov
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F Accelerator Basics

A Little from Maxwell, Newton, Lorentz
F=eEandF=qg(v/ic)xB
F=dp/dtandp=myv

A Little Relativity from Einstein
m=m,/ sgrt (1 - b?) withb =vl/c
E = m, + Kinetic Energy and E = m ¢?

A Little from Murphy (asin Murphy’s Law)
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Potential @ Volts = -Ex(length moved)

Enercw : k= t’chnm}a‘:ﬁ(VOl%\)

| eV — E ne rayy qjaineﬁ by €.

when Full‘ed —fﬂhraﬂoéﬁh | Volt Courtesy L. Spentzouris

klamp@fnal.gov
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Courtesy L. Spentzouris
klamp@fnal.gov
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Particle Accelerators

for High Energy Physics
Accelerators and HEP

What's Up Now? <<<< We are here

What's Up Next?
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Fermilab's ACCELERATOR Chain

MAIN INJECTOR

- > (
% |I >
) e : TARGET HALL
e /
N ANTIPROTON
R/ SOURCE
X _COF
TEVATRON =& ,,m .s BOOSTER
=i - @} LINAC
COCKCROFT-WALTON

Courtesy E. Malamud malamud@fnal.gov
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F HiRIse and Tevatron

Insert 93-683-9 “HiRise and Tevatron” and
pretend you are on the 15" floor giving a
tour and read the following few dlides
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F Overheard on the 15th Floor - 1

S0, if you look over there, you see We send the proton beam around
a big orange building. That's the 6 kilometers of the Tevatron.
where CDF islocated. Collider It'sinside a 7 cm diameter beam
Detector at Fermilab. pipe with all the air removed.

Otherwise the air molecules would

And on arealy clear day you can eat up all the protons.

see the Sears Tower in Chicago
over there. The beam pipe goes though about
1000 superconducting magnets.

: : The magnets have two jobs. Some
And directly opposite us over there I
Is a blue building where the D-Zero & i kee’p the protons focu
] so they don’'t wander off the central

path. And the others bend the
central path around in acircle so

The Tevatron accelerator is |located the beam keeps passing through the
about 20 feet under the berm you accel erating stations.
see.
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ya Overheard on the 15th Floor - 2

Over there to the right is where the

accelerating stations are located.
They provide electric fields which
are carefully timed to push the
protons along to a higher energy.
We use the same technology that
radar is based on. For therf in the
Tevatron, the electric field flipsits
sign about 53 million times a
second. So you have to be pretty
careful with the timing.

The beam goes around the 6
kilometers about 50,000 times a
second. (47,713 if you are picky
about numbers.) Every second!

With an energy of about one
trillion volts, or 1 TeV.

That’ s the highest energy particle
beam in the world. And will be
until about 2006 when CERN starts
up the LHC with its 7 TeV proton
beams.

In the Tevatron, a bunch of protons
Is about 40 microns in diameter at
CDF or D-Zero. That’s about the
diameter of your hair.

And ameter or so long. Likeredly
long, really thin needles.
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ya Overheard on the 15th Floor - 3

There are about 100 billion protons
In a bunch.

And we collide it with an
antiproton bunch going the
opposite direction. About 50,000
times a second.

An antiproton bunch looks pretty
much the same as the proton bunch,
but there are fewer antiprotons.

So we collide these things that are
about the size of your hair, and
they are going at about the speed of
light. You'll have to trust me.

Antiprotons are antimatter. But,
unlike Star Trek, we don’t just talk
about it, we actually make
antimatter and use it. For particle
physics research.

When the bunches pass though one
another, a few of the protons and
antiprotons interact with one
another. These matter / antimatter
Interactions convert some of the
energy to mass.

Remember E=mc2? That’s what
really happens. Right over there
and there.
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ya Overheard on the 15th Floor - 4

And sometimes, not very often, an That way we can have more
interaction converts the energy to collisions per second, but not many
mass in the form of atop quark. more interactions per bunch

crossing. Too many interactions
per crossing makes it hard on CDF
and D-Zero.

And an anti-top quark. Made right
here at Fermilab in the Tevatron.
And detected right over there in

those orange and blue buildings. :
And it really works.

But we really use 36 bunches

distributed around the Tevatron. AT ITEN EN G2 USRI

running, you run it 24/7. And

But as we increase the performance pretty much 365. For several
of the Tevatron, we will have to years.

start using about 100 bunches in

each beam.

I’ ve been here for about 27 years,
and it still amazes me.
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The Blast of an
|nteraction ...

Protons and
antiprotons (really
guarks, antiquarks,
gluons, sea) comein
with kinetic energy ...

E=mc?...and...

L ots and |ots of new
particles comeout ...

And the standard
model rules! (Sofar.)

Courtesy E. Malamud malamud@fnal.gov
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@ CDF (Collider Detector at Fermilab)
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Advanced
Photon
Source

Argonne Narional Laboratory

The Advanced Photon
Source (APS) at
Argonne

Right down the road
from here..

Bend an € ectron and
you get photons

July 12, 2002 David Finley / Fermilab / QuarkNet Teachers Slide 23



RHIC
Daily Status Report for June 13

Succeass!

Last night two experiments (STAR and PHOBOS)
measured beam-beam collisions at gamma=30.

We will continue to work on steering at the IP’'s
with colliding beams.

June 13, 2000 PRESS RELEASE RHIC Ison Long
Relativistic Heavy lon Collider (RHIC) Begins Smashing I SI and | 1] N an Y Ork

Atoms

Experiments will yield insights into the structure of matter and
how the universe evolved

UPTON, NY - Scientists at the U.S. Department of Energy's
Brookhaven National Laboratory have begun detecting
head-on collisions between gold nuclei in the Relativistic
Heavy Ion Collider (RHIC), the world’s newest and biggest

particle accelerator for studies in nuclear physics. While the
beams have been in collision mode since the weekend of June .

10, the first spectacular images of particles streaming from a lons ... nuclda ...
collision point -the definitive evidence the scientists were

waiting for - were produced by the STAR detector last night GOL D no | essl
at 9 p.m. High-energy collisions were also seen by the

PHOBOS detector early this morning.
Last updated 6/13/00 by Public Affairs
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¥ Endview of STAR a RHIC

RHIC collides
beams made of
gold atoms

The fuzz represents
the tracks of the
particles created
from the kinetic
energy of the gold
beams

Thisisthe view aong the beam line E=mc? lives
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- Side View of STAR at RHIC

July 12, 2002

David Finley / Fermilab / QuarkNet Teachers

Same as previous
slide but seen from
the side

Try to figure out
what’ s going on
here!

The detectors
are another real
challenge.

Slide 26



L i CERN

The CERN accelerator 1s 26

kilometers in circumference Near Genevaon
e WPoweme  the Swiss/ French
Border
LEP (Large Electron

Positron collider) turned off
In 2000 with a*“hint of a
Higgs’ ... no discovery.

The LHC will collide a pair
of 7 TeV proton beams
starting in about 2006 or so
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' # DESY (Deutches Elektronen-Synchrotron)

The HERA accelerator 1s about

6.2 km in circumference Partly under the town
of Hamburg, Germany

HERA' s superconducting

i - . ‘1':_-'_";"._-—_"'3':"3'5 ..
i SoEio - TR T magnets are very similar to

ﬂ._.ﬁ,,_h_,_;-;:-,,;. Rrap =T those in the Tevatron

HERA collides electron
beams with proton beams

July 12, 2002 David Finley / Fermilab / QuarkNet Teachers Slide 28



The SLAC linac is about 4 km long.

Goes under 1-280 outside
Palo Alto, California.

50 GeV €lectrons.

“linear collider” demonstration

B quark factory.

e | fPartons’, Charm quark,
e T = "’"\ Tau lepton
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. Thisisthe Tevatron tunnel (pre Main Injector)
) % h - SN .

| - L T, 2= e T
"'._:: F b, ::. fE b T v 1
- 3 i -:r-. =
Fo i : 1
f - . -‘ 2 e iy 3
i b = ey P
- Sl e _‘_I i i
|

July 12, 2002 David Finley / Fermilab / QuarkNet Teachers Slide 30



Particle Accelerators

for High Energy Physics
Accelerators and HEP

What's Up Now?

What's Up Next? <<<< We are here
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Accelerators - What's Up Next?

What Up Next?

electrons and positrons : ete Colliding Beams
protons and protons : pp Colliding Beams
muons and muons : nt m Colliding Beams
neutrino beam : From decaying muons

But first, aword about recent times...
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Recent Times ...

Physics Today January 2001
Maury Tigner (Cornell University)

Comparing hadrons and leptons

Constituent hadron collision

energy is about 1/10 of total hadron
beam energies

Constituent lepton collision energy
isall of total lepton beam energies

g
bl [

ER21ES

T

o ® VEPPIV
SPEARII

SPFEAR, ORI, VEFELI

Leveling off? ... yes... why?

It's afact of life if you keep using
the same concepts and evolve with

i Prin—=Stan, VEPPIIL, ACO

TR TTT L EET TI L

Constituent Collision Energy (GeV)

the same basic technology
o - E—
IFFL T 1B i FRAM
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ete Linear Colliders

The good new Is:

The electron isalepton
A point (so far as we can see)
Simple particles give smpler interactions

Precision tool (if you know where to |00k)

Q4. How is it that we see more matter than antimatter?
Q2. How does it al behave?

The bad new Is:

Not much mass...
radiates photons like crazy when you deflect them
(Thisisagood thing at Argonne ... but abad thing for e € )
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100 GeV

L - -
" existing

e* return
~ line
Tl damping
N1~ rings
. polarized
e Source

July 12, 2002

=320 m 385 GeV (3}
BlEeV (S) :
Compressor
n

Compresaor .
136 Mev iLJf Darnping
i Rireg
(UHF)
2 GaV (3]
=i Electron bain Linag
240-490 GV [X)

-8.5km

. §
’FFinaI

Facus
Dump

10 ki Second | Detector

Detentor -
| , i

o -8.5 km
e | " 1 | Positron Main Linac

T o p a0
400 m 36 GeV (5] | Target 240430 Gel (X]
<180 m I 2 Gel (L)

Pre-Damping 2+ |
Ring (UHF l._.}\ Ut

L
T = Comprassar
elinas -
BGeV IS ~2201m | | .85 Gev (5)
=200 m

The NLC isan ete- Option.

(NLC = Next Linear Collider)

Two straight accelerators about 10 km
long each providing 250 GeV beams.

Several smaller (and rather complicated)
accelerators and devicesto feed them ... 2
GeV, 3-6 GeV, positron target, 3.85 GeV,
damping rings, compressors

A pair of final focus lines, a detector,
and a beam dump.

Total Length = about 30 km.

(SLC = SLAC Linear Collider)
(SLAC = Stanford Linear Accelerator Center)
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s 1.8 meter long NLC RF structure

Made by the
KEK labin
Japan and
tested at the
SLAClabin
California

Each structure
has 206 disks ...
see next dide
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NLC RF copper disks

Each disk has a 61 mm outer diameter and 8 mm thickness.

July 12, 2002

David Finley / Fermilab / QuarkNet Teachers

The electron
Or positron
beam goes
through the
center hole
and unwanted
energy is
taken away In
the four side
channels.
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TESLA at DESY Isaso an e"e Option

(TESLA = TEv Superconcucting Linear Accelerator)

The DESY lab
has proposed an
e+e- collider.

The accelerator Is

i i.' made of
1 "

" 20! ng- superconducting rf
'I_t.-f"" J__;:] f'-' . cavities.
Thetunndl Is
about 5 meters
IN diameter.
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TESLA & NLC Tunnel Sketches

_I:

TESLA Main Linac Beam Enclosure. NLC Main Linac Beam Enclosure.

Modulator & refrigerator enclosures / buildings not shown. Klystron & modulator enclosures / buildings not shown.

Tunnel is 5.2 meter diameter Tunnel is 12 high and 14 ft wide (3.66 m x 4.27 m)
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re Protons on protons

The good newsis:
We know how to do this ... standard techniques
This gives us the energy frontier (about 100 TeV)

Thisisthe path to discovery
Q1: What's it all made of?
Q2. How does it all behave?

The bad news (if any) Is:
It getsto be very large ...(see later dlides)
And some” say wait for LHC results at (14 TeV).

I *“Some” include Directors of the world's HEP |abs.
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A Tunne Vision for the VLHC

_I:

Both high and low field options are shown in the LEP tunnel as an example. _
| " . » — The low field

ISon the
bottom, the
highfieldis
on the top.

Thetunnel is
real and IS
about 12 feet
In diameter.
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Comments on a U.S. site at Fermilab:

W VLHC

The U.S. site of the vihc is assumed to be Fermilab.
» Existence of the injector chain
» Excellent Geology

Why put the VLHC at
Fermilab?

Courtesy E. Malamud
malamud@fnal .gov
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500 km Pipetron Map Study

VLHC

Recall it is named “very large”
for a good reason.

It would not really be “at
Fermilab”.

Rather it would be under
“Northern Illinois’

But the NuMI neutrino beam
already will go from Fermilab
to northern Minnesota.

(Yes, under Wisconsin!).
cary € s

— _ malamud@fnal .gov _
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re Muons on Muons

The good news is:
Just another ssimple lepton ... just like the electron

But heavier than the electron
They don’t radiate photons like crazy

They interact better (40,000 times better) with Higgs
Q3: How do particles come by their mass?

The bad new Is:

They only stay around for 0.000 002 seconds (or s0)
They spit out electrons ... which then radiate like crazy
And they spit out neutrinos ... hmmm ...

|s this short lifetime so bad?

Can it be used to our advantage? >>> See next dlides ...
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L Dip Heading
(km) (Deg.) (Deg.)
FNAL -> Soudan 732 3 336

FNAL ->» Gran Sasso | 7332 35 50
FNAL —> Kamioka 0263 47 325

Neutrino Factory
Fermilab. o EV L/E (Km/GeV' : :
(CERN) : (GeV) [FNAL- KEK-|| BEp'E 1€V o lo:)

Soudan Kam.

Soudan
{(Gran Sasso)

The Distance L
between the Neutrino
Source and Neutrino
Ey | LE Km/GeV) [|EDECalo /@ liglologe:gs

(GeV) | GranS. Japan
T332 Km

L -~ 9260 Km

Kamioka

Gran

Sasso| . 4l Andsoistheratio of
1 L to the Energy E of
the neutrino beam.

Courtesy S. Geer
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Proton Driver + Linac [ :
ongetSaion Neutrino Factory

100 m long Induct. Linac

60 m long hunchi RLAZ, 40 3e¥ max, 7.5 MeV/m average

Turns =4

140 m long cooling =60 m, C~2400 m

1.6 GeV, 200 MHz linac

Layout.

=3 GeV linac
2 GeV of acceleration

It takes alot of things

RLA2, 8 G:Emax,'TsMeWmmr | | to feed |t, bUt a”

= 25m, C~-800-900

I- atc]1_ing==lg]ﬂn1:l (heamsqiaratnﬂ;j s together It IS not g)

fcomb inex)

very large.

Storage ring, S0 GeV max,
Turns =4

P =30 m, C~1300 m
Arc =130 m
MMatching = 100 m
Froduction Straight

July 12, 2002 David Finley / Fermilab / QuarkNet Teachers Slide 47




A Neutrino Factory at Fermilab
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" eiirooem

The good new Is:
All the muons decay to el ectrons and neutrinos

Never been done ... surprises probably in store
Q1, Q2, Q3, Q4, Q4++

The bad newsis:

Not discovery, not smple ... So, maybe not “interesting” ?

Aside: Really global-sized experiments
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And Into the Beyond ...

The good new and the bad new is.

Hasn't been done before ...
For good reasons, usually ...

One example is Plasma acceleration
100 TeV center of mass ... and ...
All the equipment fits on the Fermilab site
But Is costs too much to operate ...
At least ... using today’s ideas and technology
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e

|deal (but highly unstable)

How is it made?

@ Start with Atoms +++ -
+ -
+

Pull Them ...

Pull Them ... Pull Them Apart!
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¥ Plasma o

How doesit act? Electric Field

One“Pl asma Period”
|
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F AO Phot0| nj ector al Fermilab

RF Gun and focussing
solenoids

NIU (Northern lllinios
University) is heavily
Involved with this
project, with
Department of
Education funds.

- _ :‘_: - -:"'.Z o -. :-l:- .-;-
~ s T g - Tl

_‘_'.—'__-ﬂ.' | '-‘:‘\_
s m e
E 'a-"

-y

y - http://www-ap.fnal .gov/AOPI/a0pics.html
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Spectrometer magnets,
plasma chamber, and
beam dump

http://www-ap.fnal .gov/AOPI/a0pics.html
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ey

Thisisstill fun.
Q1: Sowhat ISt all made of? and
Q2: How DOES It all behave? etc etc

Thereisstill lotsto do.
Decades (in performance and on calendars)
The best ideas are yet to come ...
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That's |t From Me. ...

Your Host: David Finley
finley@fnal.gov

MON 7/12 at 930am CT
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